Abstract Studies on the drivers of Foreign Direct Investment (FDI) in Africa have not rigorously examined whether recent advances in the continent's Information, Communication and Technology (ICT) infrastructure and financial development have any role in attracting foreign capital. This study re-examines the determinants of FDI inflows, paying special attention to the ICT and financial sector environments. By relying on a panel dataset covering 46 countries in sub-Saharan Africa over the period 1980~2016, using the generalized method of moments (GMM) method, our study shows that well-developed ICT infrastructure robustly spurs FDI regardless of the measure of ICT. On the other hand, the impact of domestic financial development on FDI is conditioned on the proxy of finance. Specifically, while domestic (private) credit to GDP inhibits (promotes) foreign capital inflows, higher levels of ICT in the environment dampen the deleterious effect of finance on FDI. We document the threshold levels of ICT necessary to exert such dampening effects.
influences ICT-FDI nexus is lacking in this arena. Indeed, foreign investors, among others, are interested in sound financial systems similar to what prevails in their home countries. 1) Thus, the development of the domestic financial sector coupled with an improved ICT environment is expected to spur growth. However, for the most part, evidence about the mediation effect of financial development on the ICT-FDI relationship in Africa is often sourced from public discourse with little theoretical and empirical grounding. Based on these observations, the current study makes four significant contributions to the literature. First, given the evolving ICT architecture and nascent financial systems in Africa, using recent data we update the literature by empirically examining how the ICT environment and financial development influence FDI.
To the best of our knowledge, this is a pioneering study that has relied on several ICT indicators in addition to crucial ancillary factors influencing FDI. By separately using each indicator of ICT on its own merit, this study unearths their unique individual effects on FDI in Africa, which will be useful to policy makers. Second, this study investigates the mediation role of ICT in influencing the impact of financial systems on foreign capital inflows in SSA, given the low levels of the continent's ICT and financial systems. More specifically, by moving beyond the direct effect of ICT, this study uncovers indirect effects by examining the role ICT plays in the impact of financial development on FDI inflows in Africa. Third, given the potential importance of financial development on FDI, leveraging different indicators of financial development this study uses different proxies of ICT in examining their unique indirect effect on FDI via financial development. With this, we are able to highlight whether the form of financial development interacted with ICT to support or inhibit FDI inflows. Fourth, given the potential endogeneity problem eminent in FDI studies, we apply an estimation approach that deals with endogeneity and simultaneity bias, allowing us to provide results that are consistent and reliable.
Relying on a panel dataset covering 46 countries in Africa over the period 1980~2016, results from our system generalized method of moments (GMM) approach reveal a robust positive impact of ICT on FDI. However, the impact of financial sector development on FDI is conditioned on the indicator of finance. While availability of domestic credit-to-GDP as an indicator of financial development inhibits foreign capital inflows, a well-developed ICT environment dampens the deleterious effect of finance on FDI.
The rest of the study is organized as follows: the next section briefly reviews the literature while Section 3.0 outlines our methodology. Section 4.0 presents our empirical findings and discussions. We conclude the study with some key implications for policy in Section 5.0.
1) For a recent discussion on the determinants of financial development in Africa, see Ibrahim and Sare (2018) and Ibrahim and Alagidede (2017) .
II. ICT and FDI Relationship: A Brief Review of the Literature
The importance of FDI inflows has received much attention in the literature owing to its growth-enhancing effect. Latif et al. (2017) observe that ICT positively drives environmentally sustainable development in South Asia, albeit with variations in the long run impact of the ICT diffusion indicators. Recent evidence shows that the growth-enhancing effect may be conditioned on ICT usage. By using a panel estimation approach robust to heterogeneity and cross-sectional dependence, Latif et al. (2018) examine the dynamic relationship between ICT, FDI and economic growth while controlling for globalization in the so-called BRICS countries (Brazil, Russia, India, China, and South Africa) . Evidence from their study suggests that ICT positively affects economic growth with variations in the level of impact stemming from the extent to which countries utilize ICT.
Indeed, efforts to study the drivers of FDI have often neglected the key role of countries'
ICT environment in influencing FDI inflows (for instance, Sarbu and Carp 2015, Kida 2014) .
This is more pronounced in Africa, although a few studies are notable. For instance, Andrianaivo and Kpodar (2011) investigate the impact of ICT development on economic growth, considering a sample of 44 African countries during 1988~2007. Results from their system GMM approach suggest that the penetration rates of fixed and mobile telephones have had a significant and positive impact on growth. Relative to Sridhar and Sridhar (2004) , the marginal impact of the fixed (land-line) penetration rate on economic growth appears stronger than that of the mobile penetration rate. However, Albiman and Sulong (2016) find nonlinear effects of ICT on growth.
Their threshold analysis showed a penetration rate threshold of 4.5% for both mobile phone and internet usage, and 5% for fixed telephone line before they can exert any positive effect on economic growth. Regarding transmission channels, the authors find that ICT enhances economic growth by improving human capital, institutional quality, and domestic investment in SSA. However, Albiman and Sulong (2016) find a negative interaction between ICT variables and financial development, suggesting a failure of ICT to reduce inefficiency in the region's financial sector. According to the authors, the dampening growth effect of ICT via the financial sector is attributable to structural weaknesses within the financial sector in SSA.
Beyond the ICT-economic growth nexus, few studies have examined the impact of ICT on FDI. On the empirical front, Asiedu (2002) analyzes the drivers of FDI in developing countries (SSA and non-SSA) and why SSA has lagged behind in attracting FDI. The author finds that while infrastructure, measured by the number of telephones per 1,000 population, and higher returns to capital are essential in promoting FDI to non-SSA, in the case of SSA, these variables are insignificantly related to FDI. Further evidence reveals that, regardless of the region, trade openness spurs FDI, albeit with reduced effect in SSA. Thus, trade liberalization tends to generate more FDI inflows to non-SSA relative to SSA countries. Choi (2003) argues that international direct investors may well choose the country with greater internet availability measured by the number of internet hosts or users in a host country, using a gravity FDI model with bilateral FDI data from 14 source countries and 53 host countries.
This result is robust to an alternative internet variable and alternative estimation approaches.
By using the residuals of the number of telephone lines per 100 as a proxy for ICT, Reynolds . We present the descriptive statistics of our variables in Table 1 below. reaffirms Africa's low-income status coupled with high inflation. We compute coefficient of variation as the ratio standard deviation to mean in order to examine the inter-level volatility of the variables. We find that, among the ICT indicators, secured internet is the most volatile given the larger value of the coefficient of variation while ICT goods import is the least volatile.
Similarly, regarding the financial development, domestic credit is the most volatile relative to private credit while inflation has the highest coefficient of variation. With a cursory look at the descriptive statistics above, we examine the ICT and FDI link using simple regression plots, shown in Figure 1 . Apart from ICT goods imports and fixed telephone subscription, the data shows some evidence of a positive link between ICT and FDI. However, it is also clear there is some variability in the magnitude of effect and level of significance.
B. Empirical strategy
To empirically examine the drivers of FDI, we set a baseline model where foreign capital inflow is conditioned on its lag, levels of ICT development, financial sector development, and other factors. We specify Equation (1) below:
where i and t represent country and time indices respectively;      is the one-period lagged FDI used to measure the initial conditions of FDI in Africa;    and    are vectors of ICT and financial development indicators respectively;    denotes a vector of other controls such as human capital, real GDP per capita, population, trade openness and inflation;    is the error term.
Thus, from Equation (1), ICT supports FDI when its coefficient,  〉  and significant at conventional levels; otherwise, the digital economy in Africa does not appear to support foreign inflows. Beyond the unconditional impact of ICT, we determine whether there is a conditional effect of ICT via a country's financial sector development. To do so, we include in the equation above, a multiplicative interactive term of ICT and financial development indicators as shown below:
where   is unobserved country-specific fixed effect;   is the time effect while    is the idiosyncratic error term. From Equation (2), the interactive effect is measured by  and is expected to shed light on the impact of simultaneous development of the ICT and financial sector.
Indeed, from both equations above, including the lagged dependent variable suggests a potential correlation between the factors driving FDI and the error term, since lagged FDI depends on      , which is a function of the country-specific effect (  ). Thus, our specified equations suffer from endogeneity due to this correlation. Because of the endogeneity following from the inclusion of the lagged dependent in Equations 1 and 2, using pooled ordinary least squares or other panel estimation approaches (notably the fixed and random effects, mean group and pooled mean group) that do not deal with the endogeneity produces results that are not reliable. To control for this endogeneity problem, we use the GMM method that corrects this problem and in so doing, produces efficient and reliable results.
We therefore estimate the equations relying on the GMM method proposed by Arellano and Bond (1991) which eliminates   or any related time invariant, country-specific variable present in the data. According to Baltagi et al. (2009) , taking the first difference in the use of GMM has an added advantage. First, this procedure removes any endogeneity stemming from the correlation of   with the right-hand side regressors. Second, by differencing, the GMM estimation approach helps to ensure that all the regressors are stationary. In this study, we rely on the system GMM which combines a regression in its first differences and in its levels (Arellano and Bover 1995, Blundell and Bond 1998) . Roodman (2009) cautions on the use of system GMM estimators, especially when T is small relative to the number of internally determined instruments. To the extent that too many instruments potentially over-fit our instrumented variables, for the lagged FDI we use as instruments the first difference lagged one period for the Equations levels. However, for the Equations using first differences, we rely on the first lagged value. With regard to the other regressors that are assumed to be endogenous, we use the second lagged value as instruments.
Based on this, we adopt the two-step system GMM. The validity of our instruments is checked using the Sargan test of over-identifying restrictions which examines whether our set of instruments, as a group, are exogenous. In addition, we also test for the absence of second-order serial correlation of the residuals.
IV. Empirical Findings
This section presents our empirical findings regarding the determinants of FDI. Our emphasis Because the indicators of ICT are related and linked to each other, the probability of their being correlated with each other is very high. Therefore, putting the different ICT indicators together in a single model would result in multicollinearity, which might produce unreliable results. We circumvent this by including a single ICT measure. Specifically, in separate regressions, we determined how each ICT indicator uniquely affects FDI in addition to other regressors including financial sector development. For the financial development indicator, we first used private credit to proxy domestic financial development in examining how it influences FDI. We also conducted a sensitivity analysis by altering the proxy of financial sector development. In Table 2 , we present findings on the drivers of foreign capital inflows. Table 2 reports on the drivers of FDI, in addition to the impact of ICT and financial sector development. The coefficients of lagged FDI are positive and significant at 1%, denoting a conditional divergence. This suggests that countries in our sample diverge to their own steady state FDI; this holds for all of our model specifications. Economically, this evidence may well suggest that current levels of FDI depend on the continent's past inflows of foreign capital.
For the ICT indicators-FDI nexus, we find positive and statistically significant coefficients for all of the indicators. Beginning with the impact of imports of ICT goods, we find that a unit-percentage increase in ICT imports increases FDI inflows by 0.0336%. Indeed, imports of computers, communication and electronic devices, which is expected to enhance the ICT infrastructure, improves access to information regarding effective investment portfolios. As a result, inflows of FDI to host economies increase. Similarly, individuals using the internet improve FDI inflows, as does secured internet use. Internet usage from any location as well as servers relying on encryption technology for internet transactions enhances FDI by 0.0409 and 0.0103%, respectively. Anecdotally, increasing internet usage reduces transaction costs and subsequently production costs within an increasingly competitive environment, thereby enhancing FDI inflows (Gani and Sharma 2003, Choi 2003) . Thus, access to and use of the internet provides quicker information to foreign investors regarding investment opportunities and as such plays a critical role in attracting FDI. Ko (2007) finds an insignificant effect of internet usage on FDI, suggesting that the increasing population of users puts intense pressure on available internet connectivity, thereby creating congestion which ultimately inhibits FDI. Our finding, however, does not support this view. Indeed, investment in improving internet speed and imports of peripheral equipment support reliable internet connectivity on the back of more users.
While ICT infrastructure enhances net inflows of FDI, we notice that the impact of fixed telephone subscriptions (per 100 people) is higher, suggesting that fixed networks are exceedingly important in influencing FDI inflows, consistent with Lydon and Williams (2005) .
We conjecture that fixed network and telephone line penetration in Africa has some bearing on the extent and quality of other proxies of infrastructure, notably roads, which are developed over a period of time. Indeed, in addition to fixed telephone subscriptions, the ancillary as such a market is perceived to be a sign of improved financial intermediation and a market-friendly environment. To the extent that well-developed financial institutions reduce transactions costs and permit efficient allocation of capital from low productivity to investment projects (McKinnon 1973 , Shaw 1973 , Hull and Tesar 2003 , this is expected to significantly drive inflow of FDI to host economies.
Evidence abounds that a well-educated population is a conduit for FDI inflows (Eicher and Kalaitzidakis 1997) . Early theoretical writers (Easterlin 1981 , Lucas 1990 argue that low skills and poorly trained people erode the rate of return of FDI, thereby inhibiting capital inflows.
Thus, economies with improved human capital attract more FDI. However, this study does not find evidence of an FDI-enhancing effect of human capital. What we found is rather a crowding out of foreign capital, based on the negative coefficient of human capital proxied by gross primary school enrolment. Although the impact of human capital on FDI is not economically large, it is robust to model specification. In fact, to the extent our sampled countries are comparatively low-income countries, they may be more competitive in the FDI market due to the ability to accept lower wages for unskilled workers. While this finding may be surprising, we proffer two possible explanations. First, an increase in human capital may stimulate local entrepreneurial activity, thus increasing domestic investment relative to foreign investment as a proportion of GDP. Individuals may become more nationalistic as a result of improved human capital and may increase their domestic investment. Second, our measure of human capital is largely a quantitative indicator (Ibrahim 2018 ) which may not be relevant for FDI. Perhaps, it is the quality of human capital that matters for foreign capital inflows. Our finding on the human capital-FDI nexus is consistent with Mina (2007) .
Similarly, income proxied by real GDP per capita has an inverse relationship with FDI inflows. The coefficients are robustly negative and significant at 1%. The implication is that poor (rich) countries receive more (less) FDI relative to countries with high GDPs. This is contrary to the evidence that higher GDP per capita is associated with higher purchasing power, which encourages foreign entry, which would make FDI positively related to a country's per capita income. However, the negative coefficients of per capita income in our study do not support this view and suggest higher foreign capital flows into economies with relatively low per capita income. It could be that low-income countries deliberately implement measures to attract FDI as a method of boosting economic status. This finding is inconsistent with Asiedu (2002) who found a positive relationship between FDI and per capita GDP in Africa. Turning to population, the study finds that the impact of population on FDI is positively and largely insignificant with the exception of regressions containing ICT imports and secure internet, where the population-FDI nexus is significant at 1% with economically huge coefficients. Here the implication is that a larger population is associated with higher FDI. However, the difference in the level of significance across models suggests this effect is not a robust determinant.
Regarding trade openness, we find a robustly positive effect of trade openness on FDI. In determine an inflection point of finance as  ≥     . However, if both   and  are either negative or positive, then the impact of ICT on FDI is monotonically positive or negative. Table 3 below presents results of the interaction effects in addition to the other variables.
In these estimations, the impact of ICT on FDI is not robust. For instance, the effect of ICT imports is negative but not significant. While the other indicators of ICT are positively related to FDI, only the impact of internet usage and fixed telephone subscriptions are significant.
Not only are individual internet usage and fixed telephone significant, their coefficients are also economically large relative to earlier findings shown in Table 2 . The impact of finance on FDI maintains both its direction and level of significance where a well-developed domestic financial sector spurs net FDI inflows. With respect to the moderation effects, we observe that apart from the interactive terms of private credit and ICT imports, and private credit and mobile cellular subscriptions, the coefficients of the other interactive terms are positive. What is paramount, however, is that all the moderation effects are insignificantly related to net FDI inflows. The implication is that, when proxied by private credit, ICT development does not have a conditional impact on FDI through domestic financial sector.
Consistent with the earlier findings, the estimated coefficients of human capital are negative and largely significant except in regressions using internet usage and mobile cellular as indicators of ICT. Real GDP per capita, population and openness maintain their earlier impact. Similarly, while inflation negatively influences FDI, none of the coefficients is statistically significant.
A. Sensitivity analysis
In this section, we conduct a sensitivity analysis by repeating the regressions using domestic credit as an indicator of financial development. Findings are presented in Table 4 below.
Consistent with our earlier findings, all of the coefficients of the lagged FDI shown in Table   4 are positive and statistically significant at 1%, implying a divergence away from steady state.
With respect to the ICT effect, all of the proxies are positive and statistically significant at conventional levels, and these findings are in synch with the earlier evidence. Thus, a well- (Alfaro et al. 2004 , Boateng et al. 2017 .
Apart from financial development, all of the coefficients for the other variables maintain their signs and significance. Specifically, population and level of trade openness strongly promote foreign capital inflows while human capital accumulation and real GDP per capita significantly inhibit FDI inflows. Although the coefficient of inflation is also negative in all of the estimations, the effect is largely insignificant. Given the negative effect of finance on FDI, we examine whether a well-developed ICT environment dampens the deleterious impact of finance. In Table 5 , we present evidence on the moderation effect of ICT relying on the multiplicative interactive term of finance and ICT.
Apart from internet usage and mobile cellular, the unconditional impact of all the ICT indicators is positive and significant. Domestic credit is robustly negative, highlighting a dampening effect of finance on FDI inflows.
Except for domestic credit and secure internet servers, the coefficients for the interaction terms are robustly positive and significant at the 1% in all columns. The implication is that, while domestic credit inhibits FDI inflows, a well-developed ICT environment dampens the deleterious effect of finance on foreign capital flows. However, this dampening effect is possible only after a certain minimum level of ICT is attained. These lend credence to the validity of our findings.
V. Summary and Policy Implications
Efforts aimed at encouraging FDI in Africa have not yielded the desired results. Empirically, apart from the macroeconomic and political factors, studies on the drivers of FDI have not been rigorous in examining whether recent advances in the continent's ICT infrastructure and domestic financial development have any role in attracting foreign capital. In this study, we re-examine the determinants of FDI inflows, paying special attention to the ICT and financial sector environments. Using a panel dataset of 46 countries in Africa over the period 1980~2016, evidence from our study shows that well-developed ICT infrastructure robustly spurs FDI regardless of the measure of ICT. On the other hand, the impact of domestic financial sector development on FDI is conditioned on the proxy of finance. Specifically, while the ratio of domestic credit to GDP does not appear to promote foreign capital inflows, higher levels of ICT in the environment dampen the deleterious effect of finance on FDI. We document the threshold levels of ICT before it can exert such a dampening effect.
At the policy level, despite the abysmal performance of FDI in Africa there is still much room for optimism, as given the evidence from our study, recent development in the region's ICT environment and financial sector development may help attract inflows. Thus, it is imperative for policymakers to encourage the diffusion of ICT while creating synergies within a country's domestic financial markets. In this regard, government intervention is essential to improve on a country's technological infrastructure while the Central bank maintains sound supervision of the financial sectors. Furthermore, implementing prudent macroeconomic policies in more open economies is also crucial in attracting needed levels of FDI in Africa. This study can be extended and applied to other developing countries in Africa with similar trends regarding ICT, financial development and FDI, among others. Future studies can thoroughly investigate possible threshold effects of ICT on FDI using financial development as the threshold variable.
Here, a sample splitting approach can be fit where the precise impact of ICT on FDI inflows is based on whether countries operate below or above some estimated threshold value of financial development.
